Introduction {#sec1-1}
============

The incidence of acute kidney injury (AKI) after cardiac surgery remains high despite improvements in surgical techniques and perioperative care, and is associated with an unacceptably high mortality. The accurate prediction of the patients who will develop AKI, application of measures to prevent the same, and early recognition of AKI are the goals for the nephrologists involved in the care of these patients.

Cleveland Clinic Foundation acute renal failure scoring system is shown to be valid and accurate in predicting AKI after open-heart surgery in Western population. However, the authors have suggested the model needs to be tested prospectively at multiple centers to substantiate its broad applicability.\[[@ref1]\]

To optimize the approach to AKI, the application of RIFLE criteria (named by the severity of renal impairment: risk, injury, failure, loss, and end-stage kidney disease) have been validated and shown to be valuable method to evaluate AKI after cardiac surgery. The severity of RIFLE classification may be associated with increased 90-day mortality rate.\[[@ref2]\]

The nonspecific adenosine receptor antagonist aminophylline has been shown to confer some benefit in experimental and clinical acute renal failure (ARF) due to ischemia, contrast media, and various nephrotoxic agents. Earlier attempts in using this drug to prevent AKI in coronary artery bypass graft (CABG) patients have provided inconsistent results.\[[@ref3]\] The mechanism of action of aminophylline in preventing AKI needs consideration. Adenosine, in contrast to its general systemic effect as a vasodilator, is a renal arterial vasoconstrictor. This unique effect has been implicated as part of the tubuloglomerular feedback mechanism, which increases afferent arteriolar tone in response to increased distal tubular solute delivery. Adenosine also acts synergistically with angiotensin II to constrict afferent arterioles. Adenosine via A-1 receptors has now been shown to be a possible mediator of the intrarenal hemodynamic changes that lead to acute tubular necrosis following radiocontrast administration.\[[@ref4]\] Animal studies and clinical trials of using theophylline pretreatment have demonstrated attenuation of this intrarenal vasoconstriction and prevention of contrast-induced nephropathy.\[[@ref4][@ref5]\]

Our study takes advantage of these three strategies, viz. Cleveland Clinic scores for risk prediction, RIFLE criteria for early identification, and intravenous aminophylline for prevention of AKI in cardiac surgery.

Materials and Methods {#sec1-2}
=====================

This was a prospective open label, nonrandomized study approved by the Institutional Ethics Committee. One hundred and thirty-eight patients undergoing cardiac surgery at a tertiary care center were risk stratified as per Cleveland score as L (0-2), *I* (3-5) and H (≥6) groups. Sixty-three patients (A) received a bolus aminophylline of 5 mg/kg and a subsequent continuous infusion of 0.25 mg/kg/h for up to 72 h, while 75 patients (C) received usual postoperative care. Serum creatinine concentrations were measured preoperatively and daily until day 5 after surgery, and the glomerular filtration rate (GFR) estimated using Cockcroft and Gault formula (CG-GFR). Postoperative hourly urine output was recorded and patients assigned to respective RIFLE stage of AKI.

Results {#sec1-3}
=======

The age, body mass index, Cleveland score, and use of cardiopulmonary bypass (CPB) were similar in group A and C (*P*\>0.01) \[[Table 1](#T1){ref-type="table"}\].

###### 

Preoperative characteristics

![](IJN-22-179-g001)

The preoperative parameters were compared with postsurgery AKI outcomes and are summarized in [Table 2](#T2){ref-type="table"}. Age, HTN, and multiple grafts were not associated with worse outcomes, while female sex and cardiac surgery with CPB showed a higher incidence of postoperative AKI: I, F (*P*\<0.05). Recent angiography within 7 days before surgery was associated with a higher incidence of AKI: I, F albeit not reaching statistical significance (*P*=0.085).

###### 

Preoperative predictors of acute kidney injury
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Hypokalemia was seen in 34 patients, 29.2% in study patients as against 20.5% control patients (*P*\>0.1). Arrhythmia was recorded in 10 patients, 8.2% in control and 6.2% in study patients (*P*\>0.1). Ventricular premature complexes noted in seven patients and sinus tachycardia in three patients did not require any treatment.

Dialysis therapy in the form of continuous veno venous hemodiafiltration was instituted in three individuals (one in group A), while three patients succumbed during the same admission, all from control group (C).

Cleveland score ≥6 (H) was associated with higher incidence of AKI rifle criteria: I, F at 33.33% (*P*\<0.005).

Effect of aminophylline {#sec2-1}
-----------------------

The outcomes in the study (A) and control (C) arms according to RIFLE stages were compared \[[Figure 1](#F1){ref-type="fig"}\]. Incidence of AKI rifle criteria: I, F was significantly higher in group C compared with group A (*P*=0.055).

![Incidence of acute kidney injury in study (A) and control (C) groups](IJN-22-179-g003){#F1}

The difference was statistically more significant in the higher risk patients with Cleveland score ≥3 (*P*=0.017). Renoprotection was defined as prevention of incidence of AKI: I, F. Ten patients from control group C as against one from study group A developed AKI: I, F as shown in [Figure 2](#F2){ref-type="fig"} (*P*=0.008).

![Renoprotection in study (A) and control (C) groups (O, R yes and I, F no)](IJN-22-179-g004){#F2}

Number needed to treat {#sec2-2}
----------------------

The effect associated to a specific treatment can be calculated in terms of absolute risk difference. The calculation is just the difference between the incidence proportion of a disease/event in the control group and the incidence proportion of the same outcome in the treated group. On the basis of the risk difference, it is possible to calculate the NNT to prevent one adverse event as the inverse of the absolute risk difference (AR). The number must always be rounded up as it reflects the number of patients. In this study, the incidence proportions are 1.54% in study group A and 13.69% in control group C as shown in [Table 3](#T3){ref-type="table"}. AR is 12.15%. As shown in [Table 3](#T3){ref-type="table"}, the NNT is 8. Treating eight patients with the study drug aminophylline will prevent at least one AKI: I, F.

###### 

Number needed to treat
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Discussion {#sec1-4}
==========

The incidence of AKI: I, F (7.97%) in our series is identical to that found by Conlon *et al*.\[[@ref6]\] The incidence of acute renal failure requiring dialysis (ARF-D) was 4.41% in the high-risk group and is similar to that described by Abraham *et al*. and Grayson *et al*. (3.3 to 4.6%).\[[@ref7][@ref8]\]

The work of Thakar *et al*. provided Cleveland Clinic Foundation acute renal failure scoring system validated in American patients which predicts ARF after open-heart surgery. The score as shown in [Table 4](#T4){ref-type="table"} enhances the accuracy of prediction of ARF and identifies patients who have a lower as well as a higher than average risk for ARF. This increases the clinical utility of the score in improving both individual patient care and by providing a vital tool in planning future clinical trials of early diagnosis and intervention in ARF.\[[@ref1]\] We used the same score to stratify our patients undergoing cardiac surgery and found that there is a significant association with a score ≥6 and the occurrence of AKI: I, F (33.33% at *P*=0.001). This demonstrates the utility of Cleveland score in predicting AKI in Indian patients undergoing cardiac surgery.

###### 

Cleveland clinic foundation acute renal failure scoring system
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The use of CPB in our series is associated with 16.16% AKI: I, F when compared with 4.16% in off pump coronary artery bypass (OPCAB) surgery, statistically significant with *P*=0.005. In an earlier report from our country, 46.66% and 20% patients developed renal dysfunction in on-pump and off-pump CABG, respectively. The same authors also described a negative correlation of creatinine clearance with age suggesting that increased age proves to be a risk factor.\[[@ref9]\] This was, however, not the case in our data with no significant difference in AKI: I, F between patients less than 50 and \>50 years (*P*=0.465). The lower incidence of AKI in our data may be due to a higher number of patients undergoing OPCAB (77.5%) especially in the high risk and elderly.

Time interval of less than 1 week from angiogram to cardiac surgery in our patients was associated with a marginally higher incidence (10.5%) of AKI: I, F, although not statistically significant (*P*=0.085). There are conflicting opinions on this with some studies suggesting delaying cardiac surgery beyond 24 hours of exposure to contrast agents, while others have demonstrated the safety of same day angiography in cardiac surgery for valvular heart disease.\[[@ref10][@ref11]\] However, these studies were both retrospective analysis using serum creatinine alone for defining ARF. Consensus building on this issue will require further analysis with randomized controlled trials using larger patient database and consistent definition of AKI.

The measurement of GFR remains a contentious issue. As the use of recommended filtration markers is limited by cumbersome and costly techniques, renal function is typically estimated by using various specifically derived prediction equations. Most of these equations have been derived from Caucasian patients suffering from varying degrees of chronic kidney disease. A recent study from a healthy Indian population shows CG-GFR the least biased among the predictive equations.\[[@ref12]\] The lack of early biomarkers has resulted in a delay in initiating therapies. Fortunately, the tools of modern science have revealed promising novel biomarkers for AKI, with potentially high sensitivity and specificity. These include a plasma panel (neutrophil gelatinase-associated lipocalin and cystatin C) and a urine panel (neutrophil gelatinase-associated lipocalin, interleukin 18, and kidney injury molecule-1).\[[@ref13]\] A group of investigators from our country have attempted to evaluate plasma neutrophil gelatinase-associated lipocalin (NGAL) levels as a predictor of renal injury in patients undergoing CABG with CPB along with markers of oxidative stress. A. Prabhu *et al*. report that measurement of plasma NGAL in patients in the first few hours after CPB is predictive of AKI.\[[@ref14]\]

There have been a number of studies from our country attempting to prevent AKI in patients undergoing cardiac surgery. A recent review on this subject by Maitra G *et al*. stressed that the most important preventive strategies are the identification of the preoperative risk factors and therefore the high-risk groups by developing clinical scoring systems.\[[@ref15]\] This study suggests that risk stratification by Cleveland score may be used to identify high-risk cases. In a study alluded to above, Pramodh *et al*. conclude renal function is better preserved in patients undergoing OPCAB.\[[@ref9]\] Prasad *et al*. studied the efficacy of *N*-acetylcysteine in preventing postoperative renal dysfunction following off-pump CABG. There was no significant difference in the incidence of renal dysfunction between patients in the *N*-acetylcysteine group (8.6%) and in the control group (11.4%, *P* value was 1.00). They concluded that *N*-acetylcysteine does not have any beneficial effect on renal function in high-risk patients undergoing OPCAB.\[[@ref16]\]

Kapoor *et al*. prospectively assessed the role of oral theophylline in the prevention of contrast nephropathy (CN). They noted in the control group, 11/35 (31%) developed CN, while only 1 patient in the theophylline group (3%) had a decrease in GFR (*P*=0.004). The study noted that adenosine may play an important role in the pathogenesis of CN and concluded patients who received prophylactic oral theophylline had a significantly lower risk of CN than those who did not.\[[@ref5]\] This study demonstrates that prophylactic treatment of well-balanced patients undergoing cardiac surgery with the nonselective adenosine receptor antagonist aminophylline has a renoprotective effect. Specifically, the incidence of AKI: I, F as defined by the RIFLE criteria is significantly lower 1.54% in patients receiving prophylactic aminophylline when compared with 13.71% in the control group (*P*=0.055). The prevention of AKI: I, F is remarkable in the higher risk patients with Cleveland score \>3 (*P*=0.017).

Our study is in contrast to the study by Kramer *et al*., which demonstrated the lack of effect of theophylline in preventing ARF in CABG patients.\[[@ref3]\] However, in this study, GFR was measured using ^51^Cr EDTA clearance and percentage change in serum creatinine were compared. The accuracy of creatinine clearance is limited because as GFR decreases, creatinine secretion is increased, and thus the rise in plasma creatinine is less resulting in a potentially large overestimation of GFR. It has been suggested that the new recommendation for the definition of ARF takes account of both renal functions, the excretion of creatinine, and the production of urine and the association between postoperative ARF and thus mortality is strong.\[[@ref2]\] By calculating the RIFLE level, in our study we could identify and consistently classify patients with increased risk of impairment in renal function after cardiac surgery.

Another issue is dose and duration of aminophylline administration. The i.v. bolus of aminophylline used in our study was slightly higher (5 vs 4 mg/kg body weight). Moreover, the patients (*n*=56) in the smaller series of Kramer *et al*. had a rather low risk of postoperative renal impairment, thus lowering the probability of being able to observe ARF and a potential treatment effect. The study did not have the statistical power to demonstrate moderate treatment effects of theophylline.\[[@ref3]\]

Cardiac arrhythmias and serum potassium levels were not significantly different in the aminophylline and control group in our series, establishing the safety of such a strategy in this setting. This finding is consistent with earlier reports.\[[@ref3]\]

NNT provides a good insight into the clinical relevance of the effect of a specific treatment and its calculation has been recently reviewed.\[[@ref17]\] NNT for this study is 8, which implies that the use of the present strategy in eight patients is likely to prevent at least one episode of AKI postcardiac surgery.

This study demonstrates the safety and efficacy of using intravenous aminophylline in the prevention of AKI following cardiac surgery, especially among the high-risk patients. The limitations of this study include the open label, nonrandomized design and a higher number of males and CABG among operated patients. Future studies need to include a more homogenous and larger sample population.
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